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Abstract. The EUV spectrum of a solar active region observed by SERTS-89 is used to estimate
physicalparameterssuchaselectrondensity, elementalabundanceandinhomogeneityin theemitting
source.A total of 13 ions,namely, NeIV –VI, MgV –IX, Si VII –X andSX, are studied in the SERTS
spectral range170–450Å, providing plasmadiagnosticsat temperaturesbetween105 –106 K. Atten-
tion is called to results derived from ion pairs of different elements that are formed over similar
temperature regimes,which allow special checkson thestandardassumptionsof spectral analyses.
SomeEUV lines,not originally reported in theSERTS-89spectrum, areshown to havemeasureable
intensities and are indicated for futureobservations.

1. Int roduction

Thephysicalpropertiesof ionizedplasmain the solarwind canbeusedto deduce
conditions in the source region. In situ measurements or radio observations,for
instance,provideinformation on nonthermal, transient, andsometimescatastroph-
ic solar events. Nonetheless,the physical state of the solar plasma,e.g.,electron
density, temperature, and elemental abundance,is bestinferred from an interpret-
ation of its emissison-line spectrum (cf., Dwivedi, 1994a). Thus,spectroscopic
diagnosticsof theactivecoronaareof major importance.

ThomasandNeupert (1994,hereafter referred asTN94), havereported a spec-
tral catalogueof a solar active region basedon observationsmadeby the Solar
EUV Rocket TelescopeandSpectrograph(SERTS) on 5 May 1989.TheSERTS
combinesspectral resolution goodenoughto resolve thetypical thermal width of
coronal lines with spatial imaging adequate to isolate many coronal structures.
Spectral and spatial dimensionsare completely separated,so that spectra of any
solar feature may be obtained.Most of the line positionshave beendetermined
to a precision of 5 mÅ or better, representing the highestaccuracy yet obtained
for solar wavelengthsthroughoutthis spectralinterval (170–450Å). In addition,
the radiometric calibration of the instrument has a relative uncertainty of no more
than�20%over its first-orderrange,providing accurateintensitiesof theobserved
emission lines.We usethis spectral catalogueto estimate physical parameters in
theactive region.
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Figure1. Ionizationequilibrium curvesfor solar ionsstudied(from ArnaudandRothenflug,1985).

The observationsandour method of analysis are briefly described in the fol-
lowingsection.We presentour resultsandoffersomediscussionin Section 3.

2. Observationsand Method of Analysis

TN94 reported wavelengths and absolute intensities for 243 emission lines from
a single active region observed by SERTS on 5 May 1989.Their imagedspectra
were spatially averaged over a field of view 700

� 27600 cutting throughthecentre
of AR 5464atS18W45;measurementsweremadeover thespectral rangeof 170
–450Å with a resolution approaching 10000.Al thougha recentre-evaluation of
theabsolutecalibration scalefor SERTS-89 indicatesthat all intensitiesreported in
TN94should be increasedby a factor of 1.24,we will continueto usetheoriginal
intensity scale in the presentwork to simplify comparisonswith the published
SERTS-89 catalogue.From this catalogue,we have selectedseveral ionsfor our
study, which are listed in Table I. Theseionshave their peakionic concentrations
in the temperature range105

< Tmax < 106 K as shown in Figure 1 from the
ionizationequilibrium calculationsof ArnaudandRothenflug(1985).
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Table I
Columnemission measurefrom theSERTSEUV spectrumof asolar active region

Ion Wavelength Intensity Gmax [
iu=!i] Au`=�A 1+�Ni=Ng

R
N2

e ds Remarks
(Å) (ergscm�2 s�1 sr�1)

NeIV 357.889 7.8 1:43� 4 1.65 0.66 3.49 1:6+ 26
421.592 4.3 2:10� 4 0.80 1.00 (� = 1) 1:0+ 26

NeV 358.455 15.2 2:67� 4 5.71 0.33 14.56 4:0+ 26
359.378 26.3 2:65� 4 5.71 0.56 (� = 0:95) 4:1+ 26
416.208 24.2 3:23� 4 6.33 1.00 1:8+ 26

Mg V 351.117 13.1 2:70� 4 0.73 0.41 2.78 4:2+ 26
353.084 10.4 2:73� 4 1.25 0.75 (� = 0:90) 1:1+ 26
353.290b 10.1 2:73� 4 0.73 0.255 5:2+ 26 blendNaVII

403.296 9.0
354.162 11.3 2:74� 4 0.73 0.34 3:5+ 26
355.339 6.2 2:75� 4 1.25 0.25 3:5+ 26

NeVI 399.837 14.9 3:22� 4 1.90 0.16 2.93 5:5+ 26
401.139 29.9 3:23� 4 0.99 0.63 (� = 0:80) 5:5+ 26
401.936 84.6 3:24� 4 1.90 0.83 6:0+ 26
403.296b 45.6 3:25� 4 0.99 0.37 1:4+ 27 blendMg VI

433.161 7.5 3:45� 4 0.73 0.37 3:2+ 26
435.632 9.8 3:47� 4 0.73 0.63 2:5+ 26

Mg VI 269.038 37.1 2:56� 4 0.36 0.73 3.01 1:2+ 26
270.401 59.1 2:57� 4 0.71 0.70 (� = 0:90) 9:9+ 26
349.162 55.2 3:50� 4 0.50 0.81 1:0+ 27 self-blend

0.67 0.04 1:1+ 27
387.955 8.2 3:85� 4 0.67 0.14 6:8+ 26
399.275 9.3 3:95� 4 0.27 1.00 2:8+ 26
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Table I
Continued

Ion Wavelength Intensity Gmax [
iu=!i] Au`=�A 1+�Ni=Ng

R
N2

e ds Remarks
(Å) (ergscm�2 s�1 sr�1)

400.668 16.2 3:97� 4 0.51 1.00 2:6+ 26
403.296b 45.6 4:00� 4 0.77 1.00 4:8+ 26 blendNeVI

SiVII 275.377 105.0 2:69� 4 0.56 0.75 2.31 1:7+ 27
(� = 0:79)

Mg VII 277.045b 85.1 2:70� 4 2.55 0.33 3:1+ 27 blendSi VIII

278.407 114.0 2:72� 4 2.55 0.56 9.75 2:5+ 27
363.753 76.4 3:29� 4 1.37 0.33 (� = 0:78) 8:3+ 26
319.023b 11.2 3:01� 4 0.49 0.99 4:9+ 27 blendNi XV

365.210 23.2 3:40� 4 0.47 0.23 2:5+ 27 self-blend
0.75 0.28 1:1+ 27
0.15 1.00 1:8+ 27

367.675 46.2 3:50� 4 0.47 0.78 3:0+ 27 self-blend
0.75 0.40 1:3+ 27

429.132 10.9 3:63� 4 1.02 0.59 6:4+ 26
431.141 9.2 3.64-4 1.02 0.39 8:3+ 26
431.288 17.6 3:64� 4 1.44 0.80 5:4+ 26
434.917 27.9 3.65-4 1.80 1.00 5:5+ 26

SiVIII 276.850 65.6 2:92� 4 0.18 0.82 1.87 2:6+ 27
277.045b 85.1 2:93� 4 0.18 0.07 4:0+ 28 blendMgVII

314.345 54.1 3:16� 4 0.18 1.00 (� = 0:70) 1:8+ 27
316.220 88.7 3:17� 4 0.34 1.00 1:6+ 27
319.839 113.0 3:18� 4 0.52 1.00 1:3+ 27

Mg VIII 311.778b 79.1 2:67� 4 1.56 0.16 4:2+ 27 blendNi XV

313.736 80.3 2:68� 4 0.79 0.58 2.98 2:3+ 27
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Table I
Continued

Ion Wavelength Intensity Gmax [
iu=!i] Au`=�A 1+�Ni=Ng

R
N2

e ds Remarks
(Å) (ergscm�2 s�1 sr�1)

315.024 253.0 2:69� 4 1.56 0.84 (� = 0:63) 2:6+ 27
317.008 57.5 2:70� 4 0.79 0.42 2:3+ 27
339.000 53.8 2:80� 4 0.53 0.57 2:4+ 27
430.445 40.3 3:14� 4 0.59 0.85 1:2+ 27
436.726 67.5 3:15� 4 0.82 1.00 1:3+ 27

Si IX 258.095 49.7 2:49� 4 0.54 1.00 7.53 2:2+ 27
290.693 33.2 2:66� 4 0.91 0.31 (� = 0:75) 2:9+ 27
292.801 70.6 2:67� 4 0.30 0.20 1:4+ 28 self-blend

0.91 0.30 3:3+ 27
296.137 208.0 2:68� 4 0.30 0.80 1:6+ 28 self-blend

0.91 0.38 3:8+ 27
341.974 29.4 2:87� 4 0.70 0.62 1:9+ 27
344.958 17.3 2:87� 4 0.70 0.62 1:9+ 27
345.130 70.9 2:87� 4 0.98 0.83 2:4+ 27
349.872 140.0 2:88� 4 0.24 1.00 1:4+ 28 self-blend

0.98 0.17 2:9+ 27

Mg IX 368.063 1070.0 1:73� 4 1.59 1.00 1.11 6:5+ 27
439.173 9.4 1:85� 4 0.06 0.26 (� = 0:60) 6:8+ 27
441.221 7.7 1:85� 4 0.04 0.34 6:8+ 27
443.371 5.6 1:86� 4 0.04 0.25 6:8+ 27
443.956 19.6 1:86� 4 0.06 0.74 4:9+ 27
448.279 4.7 1:87� 4 0.04 0.41 3:5+ 27

SiX 253.808 207.0 2:21� 4 0.68 0.28 1.97 7:9+ 27
256.323 1580.0 2:22� 4 0.45 0.71 2:9+ 28 blendHeII
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Table I
Continued

Ion Wavelength Intensity Gmax [
iu=!i] Au`=�A 1+�Ni=Ng

R
N2

e ds Remarks
(Å) (ergscm�2 s�1 sr�1)

258.368 377.0 2:23� 4 0.68 0.72 (� = 0:71) 5:6+ 27
261.049 140.0 2:24� 4 0.45 0.30 7:8+ 27
271.992 131.0 2:28� 4 0.30 0.92 3:6+ 27
277.268 114.0 2:29� 4 0.30 0.08 3:6+ 28
347.406 210.0 2:49� 4 0.39 0.93 5:1+ 27
356.027 218.0 2:54� 4 0.39 0.07 5:5+ 27

0.30 1.00 5:9+ 27

SX 259.495 123.0 2:81� 4 0.26 1.00 1.32 7:3+ 27
264.221 96.3 2:84� 4 0.40 1.00 (� = 0:80) 3:8+ 27

Note: 1:43� 4 means1:43� 10�4; b indicatesblending of the line.
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Following Widing,Feldman,andBhatia(1986),thetotal line intensity emitted
in aradiativetransition from upperlevelu to lower level ` by acm2 plasmacolumn
on theSun along the lineof sight from Earth is given by

I(�u`) =
1:13� 10�22

� (cm)

�

iu

!i

�
1

1+
P
i
Ni=Ng

Au`P
`

Aul
�

�

N(X)

N(H)

Z
G(T )N2

e ds ergscm�2 s�1 sr�1 : (1)

In this expression,N(H)=Ne = 0:83hasbeenadoptedand
�

iu

!i

�
=

gu

!g
+

N1

Ng


1u

!1
+

N2

Ng


2u

!2
+ � � � ;

Ni andNg are the numberdensity in level i and ground state g, respectively,

iu is the collision strength, and !i is the statistical weight of the initial level.
N(X)=N(H) is the elemental abundancerelative to hydrogen,which may not be
constant in thesolaratmosphere, and

G(T ) = N(X+p)=N(X) e��E=kT=T 1=2 ; (2)

whereN(X+p)=N(X) is the ionization fraction at temperatureT , whichhasbeen
adoptedfromArnaudandRothenflug(1985). TheaveragedvalueofG(T ) hasbeen
estimatedfollowing JordanandWilson (1971)to a constant logarithmic width of
� logT = logTmax � 0:15which correspondsto temperature limits of 1:412Tmax

and0:708Tmax, so that

hG(T )i =

Z
G(T ) dT=0:078Tmax = �Gmax ; (3)

whereGmax is the maximum valueof G(T ) and� is thenormalizing constant.
Adopting Equation (3) for theaveragevalueof G(T ) andremoving it from the

integral in Equation (1), weget thefinalexpression

I(�u`) =
1:13� 10�22

� (cm)

�

iu

!i

�
�Gmax

1+
P
i
Ni=Ng

Au`P
`

Aul
�

�
N(X)

N(H)

Z
N2

e ds ergscm�2 s�1 sr�1 : (4)

Atomic datahavebeentaken from variouspublishedsourcesfor thedifferentions,
andmostof themhavebeendiscussedin ourpreviousstudies.

Theproceedingsof anatomic data assessmentmeeting held in March 1992in
Abingdonhasbeencompiled in a special issueof Atomic Data andNuclearData
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Tables57, Nos. 1/2 (1994). We have adopted this data-set in our presentstudy.
Consequently, our previousstudieswherever required have beenupdated in the
light of recommendedatomic data for Be-like ions(MgIX) by Berrington (1994),
for B-like ions (NeVI, MgVIII , Si X) by Sampson,Zhang,andFontes(1994)and
by Zhang,Graziani, andPradhan(1994), for C-like ions(NeV, MgVII, Si IX) by
Monsignori FossiandLandini (1994), for N-like ions(NeIV, MgVI, Si VIII , SX)
by Kato (1994), and for O-like ions(MgV, Si VII) by Langand Summers (1994).
Valuesof Gmax togetherwith otherfactorsappearing in Equation (4) are tabulated
for eachspectral line in Table I, along with derived valuesof

R
N

2
e

ds. Level
populationshavebeen.estimatedfor an adoptedelectron density of 1010 cm�3. The
elemental abundanceshavebeentaken from Meyer (1985).

Therearefourlinesfrom ionsin ourstudythatarepredictedto beseveral orders
of magnitudefainter thanobserved by SERTS-89if dueto thetransitionsgiven for
themin TN94 (Young,1996), namely MgV 376.625Å, MgVI 319.726Å, Si VIII

338.375Å, andSi X 292.251Å. Thesespectral featuresare clearly dominatedby
emission from other transitionsthanthe onessuggestedby TN94,andwill not be
discussedfurtherhere.

With theaboveexceptions, Table I lists all the lines from ions in our study that
werereported by TN94asbeingmeasuredin theSERTS-89averagedactiveregion
spectrum.However, we have founda numberof additional lines from these ions
in the SERTS spectral rangethat should be relatively intenseundercertain con-
ditions,and thusmight bemeasureablewith improved instrumental performance,
with deeperexposures, or with observationsof a brighter emitting region. These
additional linesare presented in Table II. For someof them,marginal detections
have beenderived from the original SERTS-89 data, and are also indicated in
Table II (seeremarks with blend,maskandline intensity from SERTS-89). These
candidateswere suggestedeither by reports from earlier spaceobservations,such
asMalinovsky andHéroux(1973), Behringetal. (1976), andVernazzaandReeves
(1978), or by our own theoretical calculationsusing a representative spherically-
symmetric modelatmosphere for the quiet Sun.Thesenew identificationshave
furtherbeenendorsedby Young,Landi, andThomas(1998).

3. Resultsand Discussion

Thecomputedvaluesof the columnemissionmeasure listed in Table I are plotted
in Figure2 asa function of Tmax for unblendedlines.In ouranalysis, there aresix
pairs of ionswhoseionization fractionsstrongly overlaponeother, ascanbeseen
inFigure1 (theoneunpairedionbeingNeIV). For instance,thecurvesforNeV and
Mg V ionsarenearly identical, bothhavingpeakvaluesat aboutTmax = 2:8�105 K.
Onecan, therefore, assumethat linesfromNeV andMgV ionsoriginateessentially
from the same emitting layers in the Sun’s atmosphere. A similar argument can
bemadefor theotherpairs of ions,namely NeVI –MgVI, Si VII –MgVII, Si VIII –
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Table II
Additional EUV lineswith potentially observable intensities in theSERTSspectral range

Ion Wavelength Transition Remarks
(Å) Configuration Term Predicted intensities Measured SERTS-89

for thequiet Sun intensity�

(ergscm�2 s�1 sr�1)

NeIV 358.721 2s2 2p3

� 2s2p4 2D0
5=2 �

2 P3=2 1.70 blendFeXI 358.67
388.218 2s2 2p3

� 2s2p4 2P 0
3=2 �

2 P3=2 0.48 1:4� 0:8

NeV 365.61 2s2 2p2

� 2s2p3 1D2 �

1 P 0
1 6.3 blend FeX 365.57

Mg V 276.582 2s2 2p4

� 2s2p5 1D2 �

1 P 0
1 3.4 22:4� 12:3

352.200 2s2 2p4

� 2s2p5 3P1 �

3 P 0
0 1.2 4:3� 3:1

Mg VI 291.348 2s2 2p3

� 2s2p4 2P 0
1=2 �

2 P1=2 0.53 10:3� 6:3
293.124 2s2 2p3

� 2s2p4 2P 0
3=2 �

2 P3=2 1.26 14:0� 8:1
314.676 2s2 2p3

� 2s2p4 2P 0
3=2 �

2 S1=2 0.93 15:8� 6:3
Listed in TN94 as unidentified

387.787 2s2 2p3

� 2s2p4 2P 0
1=2 �

2 D3=2 0.58 3:8� 1:5

SiVII 217.826 2s2 2p4

� 2s2p5 1D2 �

1 P 0
1 3.5 2ndorder

blendNeVI 435.63
272.641�� 2s2 2p4

� 2s2p5 3P2 �

3 P 0
1 5.9 19:8� 9:8

274.175 2s2 2p4

� 2s2p5 3P1 �
3 P 0

0 4.1 blend FeXIV 274.21
275.665 2s2 2p4

� 2s2p5 3P1 �

3 P 0
1 3.4 17:6� 13:8

276.839 2s2 2p4

� 2s2p5 3P0 �

3 P 0
1 4.4 blend Si VIII 276.85

278.445 2s2 2p4

� 2s2p5 3P1 �

3 P 0
2 6.3 blend Mg VII 278.41

Mg VII 276.145 2s2 2p2
� 2s2p3 3P0 �

3 S0
1 2.9 21:9� 9:2

280.744 2s2 2p2
� 2s2p3 1D2 �

1 P 0
1 3.6 9:4� 7:5



1
6

6
B

H
O

L
A

D
W

IV
E

D
I,A

N
IT

A
M

O
H

A
N

,A
N

D
R

O
G

ER
T

H
O

M
A

S

Table II
Continued

Ion Wavelength Transition Remarks
(Å) Configuration Term Predicted intensities Measured SERTS-89

for thequiet Sun intensity�

(ergs cm�2 s�1 sr�1)

SiVIII 214.756 2s2 2p3

� 2s2p4 2D0
3=2 �

2 P1=2 3.2 2ndorder
blendFeXIV 429.54

216.918 2s2 2p3

� 2s2p4 2D0
5=2 �

2 P3=2 8.8 2ndorder30:6� 23:5

Mg VIII 335.230 2s2 2p� 2s2p2 2P 0
1=2 �

2 S1=2 7.0 masked by FeXVI 335.40

Si IX 223.72 2s2 2p2

� 2s2p3 3P0 �

3 S0
1 6.5 2ndorder

blendFeXIV 447.34
225.033 2s2 2p2

� 2s2p3 3P1 �

3 S0
1 18.6 datagap

227.007 2s2 2p2

� 2s2p3 3P2 �

3 S0
1 29.8 datagap

SX 180.72 2s2 2p3

� 2s2p4 2D5=2 �

2 P3=2 1.5 blend Si XI 361.41
228.70 2s2 2p3

� 2s2p4 2D0
5=2 �

2 D5=2 1.8 datagap
257.16 2s2 2p3

� 2s2p4 4S0
3=2 �

4 P1=2 5.8 28:8� 17:8

�In ergscm�2 s�1 sr�1 on the old absolute scale; to place them on the revised scale, they need to bemultiplied by a factor
of 1.24.

��Observedat 272:555� 0:002Å.
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Figure2. Thecolumnemission measureas a function of Tmax.

Mg VIII , Si IX –MgIX, and finally, Si X –SX. This thenprovidesaspecial opportun-
ity to compare emission measure obtainedfrom atomic calculations,making use
of assumedelementalabundancesandthemeasuredline intensities. Alternatively,
by forcing the emission measuresto agree,the corresponding relative elemental
abundancescanbe estimated. If EUV observationsfrom different regionsof the
solar atmosphereareavailable,onecanreadily studytherelativeelemental abund-
ancesin different solar featuresandtheir possible variations,making useof the
tabulated valuesof atomic calculations listed in Table I.

For the SERTS-89 observationsaveragedover a solar active region, Table I
showsthatthecolumnemissionmeasuresfor differentspectral linesfromeachsuch
pair of ionsare foundto be within the experimental uncertainty in the measured
intensity of about30%or sofor mostof thelines.However, they seemto differby
a factor of 2 or even more for someof the lines.Results from thesix ion pairs are
describedindividually below.
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3.1. NE V AND MG V IONS

NeV �416.20/�358.45and�416.20/�359.37theoreticallineratiosareknowntobe
density-sensitivein therange108–1010 cm�3. Dwivedi andMohan(1995a)estim-
atedanelectron density of 5:6� 108 cm�3 from these line ratios making use of
theSERTS-89 observations. This rather low valueof electron density in theactive
region is not explainedat present. Unfortunately, the six MgV lines reported by
TN94offer no pairs that canbeusedfor a directdensity check.However, thepre-
viously unreported MgV �276.58line is involved in anumberof density-sensitive
line ratios, including �276.58/�351.11,�276.58/�353.08,�276.58/�354.16,and
�276.58/�355.33which are shown in Figure 3. The figure also shows measured
valuesof theseratios basedon a new marginal detection of Mg V �276.58in the
SERTS-89activeregionspectrumat an intensity of 22:4�12:3 ergs cm�2 s�1 sr�1

(Table II). With oneexception, all of thesemeasured ratiosarecompatible with an
electron density� 2:0� 109 cm�3. Theexception is�276.58/�353.08,where the
measured1-� lower limit is still higher than the maximum predicted theoretical
value.

Recently, Dwivedi and Mohan(1995a)reported several NeV/Mg V density-
sensitivelineratiosfor density measurements,�416.20/�355.33,�416.20/�354.16,
�416.20/�351.11,�416.20/�353.08,�359.37/�276.58,and�358.45/�276.58.

We now also find �358.45/�354.16,�359.37/�354.16,�358.45/�355.33,and
�359.37/�355.33NeV/Mg V line ratios to be density-insensitiveas shown in Fig-
ure4. Theseprovideauniqueopportunity to estimatetheNe/Mg relativeelemental
abundance,which is foundto be 1.15 in the active region observed by SERTS-
89. Elementabundanceof Ne and Mg with respectto hydrogenare 3:5� 10�5

and3:7� 10�5, respectively (Meyer, 1985). Widing and Feldman(1989)report
a value of 0.64 in the active region for Ne/Mg abundanceratio andits variation
from 0.8 to 1.5 in active region loopsandflare loops.Using anaveragevalueof
0.8and1.5,which meansNe=Mg = 1:15,which maybeareasonablevaluefor the
active region (not completely representativeof non-flaring active regions)and the
SERTS-89 observations,Dwivedi andMohan(1995b)estimatedelectron density
of about5� 109 cm�3.

Another significant point to addis the possible FIP-effect in operation. Thus
NeV/Mg V density-insensitive line ratios (cf., Figure 4) call for a more careful
study as to whether FIP-effect is a real one or an artifact of several complexities
presently not fully understood.

3.2. NE VI AND MG VI IONS

NeVI lineratiosin theSERTSspectral rangearenotdensity-sensitive.For instance,
NeVI �399.83/�401.93line ratio is insensitive of density variation from 108 to
1012 cm�3 givinga constant valueof 0.2 which is in excellent agreementwith the
SERTS-89observationof 0.18.MgVI density-sensitivelineratios�387.95/�399.27
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Figure3. MgV theoretical line-ratio curvesatTmax = 2:8� 105 K as a function of electron density.
The marginal detection of the line �276.58 is given in Table II. The SERTS-89 observed intensity
ratios in theactive-region spectrum areshown by circlesanderror bars.
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Figure4. NeV/MgV density-insensitive line ratios at Tmax = 2:8� 105 K.

and �387.95/�400.66do not explain the observed line intensity ratios. These
density-sensitive line ratios areshown in Figure 5. However, theobservation from
SERTS-89for both thelineratiosdonot fall on thetheoretical lineratio curves(cf.,
TableI) andwedonotknow at presentthereasonfor suchadisagreementbetween
the theory and observation. Dwivedi andMohan(1995b), however, have studied
NeVI/Mg VI lineratiosfor density determination aswell asrelativeelementabund-
ances.Using Ne=Mg = 1:15 and line intensities (cf., Table I), they have estim-
ated electron densities from several theoretical density-sensitive line ratio curves
involving NeVI �399.83,�401.13,�401.93andMgVI �399.27,�400.66,�403.29
lines. The inferred densities from thisstudy vary from 2� 1010 to 8� 1010 cm�3.

3.3. SI VII AND MG VII IONS

Only one line of Si VII, namely �275.37was reported by TN94. Our calculations
show that �217.83,�272.64,and�275.66should also be reasonably strong (cf.,
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Figure5. MgVI density-sensitive line ratios at Tmax = 4� 105 K.

Table II), and that the ratios �217.83/�275.37and �272.64/�217.83could be
useful density diagnostics (Dwivedi, 1996). SERTS observes 217.83Å in second
order where it is blendedwith NeVI 435.63Å but this line might effectively be
studiedby instrumentssuchasSOHO/CDSwhichobserveit directly in first order.
TableII showspossibledetectionsof SiVII 272.64Å and275.66Å in theSERTS-89
spectrum; otherpotentially observableSi VII linesareaffectedby blends,however.

Dwivedi (1994b)presentedrecentcalculationsof MgVII �319.02/�434.91ratio,
but found that the SERTS-89 observation doesnot fall on the density-sensitive
theoretical curve. This is to beexpectedfor relatively high-temperature plasmas,
dueto known blendingwith Ni XV 319.03Å.

3.4. SI VIII AND MG VIII IONS

Dwivedi and Mohan (1995b) found at leastthree density-sensitive SiVIII line
ratios very well observed by SERTS-89andsuitable for active region diagnostics,



172 BHOLA DWIVEDI, ANITA MOHAN, AND ROGER THOMAS

Figure6. Si IX density-sensitive lineratiosat Tmax = 106 K. TheSERTS-89observed intensity ratios
in theactive region spectrum areshown by circlesanderror bars.
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Figure7. Si X density-sensitive lineratiosat Tmax = 1:3� 106 K. TheSERTS-89 observed intensity
ratios in theactive region spectrum areshown by circlesanderror bars.

namely �276.85/�314.34,�276.85/�316.22,and�276.85/�319.83.They provided
electron density estimatesof 3�1010, 4:5�1010, and 8�1010 cm�3, respectively.
However, SiVIII �276.85line isblendedwith SiVII �276.839line.Our theoretical
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Figure8a.
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Figure8b.

Figure8a–b. SX density-sensitive line ratios at Tmax = 1:3� 106 K.

calculations using a representative spherically symmetric model atmosphere for
thequietSunsuggestthatboth theselineshavealmostthesameline intensity, i.e.,
0:55� 10�3 ergscm�2 s�1. This result would suggestthat line intensity reported
in TN94 for Si VIII �276.85in the active region should probably have half of its
intensity. Accordingly, after taking accountof a blending problem this provides
electron density estimatesof 3:2� 109, 4:7� 109, and 8:4� 109 cm�3 instead.
The well known density-sensitive Mg VIII �430.44/�436.72line ratio, however,
saturatesat activeregion densitiesand so is not suitable for probing them.

3.5. SI IX AND MG IX IONS

The SERTS-89 spectrum for Si IX contains a numberof line-pairs that are good
candidates for density measurement. We show in Figure 6 the dependenceon
electron density of several such line ratios at Tmax = 106 K. The circles and
error bars in this figure refer to the line intensity values reported by TN94.
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An electron density of 1010 cm�3 for this active region seems to provide an
excellent match of observed to predicted intensities for all of these lines. On
the other hand,we do not find any good MgIX line-pair for density measure-
ment in the SERTS range. However, several density-sensitive Si IX/Mg IX line
ratios have recently beenreported by Mohanand Dwivedi (1996). Theseratios
include�258.10/�443.37,�258.10/�441.22,�258.10/�448.28,�258.10/�439.47,
�258.10/�443.96,and�258.10/�368.06.From theseline ratios, the density vari-
ation within the error limits is estimated to be from 109 cm�3 to 1010 cm�3 in the
uppertransition region and thelowercorona,usingavalueof Si=Mg = 1:05.

3.6. SI X AND S X IONS

In the SERTS spectral range,Si X �356.02/�261.04,�258.36/�347.40,�356.02/
�271.99,and�356.02/�347.40form density-sensitiveratiosasshown in Figure7.
Thefigurealso showsthecorrespondingmeasuredvaluesasderived from SERTS-
89 observations. All of themeasured ratiosarecompatible with an electron density
of 2–8�109 cm�3 which isinagreement with results reportedby Young,Landi, and
Thomas(1998). Theratio of thetwo SX linesreported by TN94doesnotvary with
density. However, we find that SX ratios of �264.22/�228.64,�259.49/�228.64,
�257.16/�228.64,�180.78/�259.49,�180.78/�264.22,�180.78/�257.16,�228.70
/�257.16,�228.70/�259.49,and �228.70/�264.22would be good density dia-
gnostics. Theseline ratio curves are shown in Figures 8(a) and 8(b). SERTS
observes 180.78Å in secondorderwhere it is blendedwith SiXI �361.41Å and
hasagapin itscoveragebetween225–235Å so cannotmeasure228.64Å. There
wasamarginal detection of SX 257.16Å by SERTS-89,asshown in Table II.

3.7. ELECTRON DENSITY AND FILLI NG FACTOR

In order to obtain a value of Ne from theemission measure, we make the useof
well-observed EUV linesfor whichwehave

Z
N2

e
ds ' 1027 :

If we takeaccountof filling factor(F ), Equation (4) will evidently become:

I = constant� atomic parameters
N(X)

N(H)

Z
N2

e
ds F ergscm�2 s�1 sr�1 ;

i.e.,

F

Z
N2

e
ds ' FN2

e
�s = 1027 :

Now, from density-sensitive line ratios, wehave
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Ne = 1010 cm�3

andweget

F�s = 107 cm :

If we force theemission measure to agreefor an expectedpath length of 109 cm,
weget thefillin g factor of 0.01.

In conclusion, the study of density and temperatureinhomogeneitiesin any
solar structure call for both theoretical (e.g.,Brown et al., 1991)andobservations
at higher spatial resolution. In this paperwe have primarily beenconfinedto
presenting potential application of the line-ratio diagnostics for a total of 13 ions
withnew identificationsof several EUV linesfromtheseions,apart frompresenting
the derived valuesof

R
N

2
e

ds anda brief discussion on density inhomogeneity.
A future paperwill utilize this informationto infer information about the solar
atmosphere.
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